The LHCb RICH Detectors RICH-2
RICH-1
See Sajan Easo presentation
System Test aims
Different elements of the LHCb RICH developed in lab over the last few years.
Final prototypes ready, production about to start.
Integration issues: need to verify all the elements will work in situ, in particular
• Preproduction HPD
• Readout electronics
• Mechanics
• Power distribution
Prototype detector built to test all elements, identify problems and develop solutions.
Hybrid Photon Detector

× mm 2 Si pixel detector
Detector bump bonded to binary readout "pixel" chip.
256 × 32 pixel matrix (62.5 × 500 µm 2 ) Granularity 2.5 × 2.5 mm 2 .
Single photon sensitivity. 83% active area.
Typical quantum efficiency at peak (270 nm) ~ 23%.
See Naoko Kanaya presentation
Readout electronics
HPD
ZIF connector
Kapton
Al spacer
The Pixel chip data is read-out on 32 parallel lines at 40 MHz.
ZIF (Pentium 100) connector and 2 Kapton cables are used to transfer the data to the front-end (Level-0) electronics.
An aluminum cup supports the HPD and is attached to an aluminum frame.
The frame also supports the electronics.
Readout electronics (2)
L0 board:
Receives and distributes clocks and trigger from TTC.
Generates the control signals for the Pixel chip.
Provides the DC power levels for the Pixel chip.
Transmits the data to the counting room (100 m in LHCb) at 1.6 Gbit s -1 using the GOL chip. Simplified version of the RICH Level-1 electronics.
The L1 receiver board receives the data from 4 HPD at 1.6 Gbit s -1 .
Data is stored on the board until the end of the spill when it is transferred to a PC.
Test beam setup
System tested at the CERN PS T9 site.
Beam of 10 GeV π -and electrons.
N 2 radiator: optics such that the ring is contained in one HPD. Al support frame
Cherenkov rings
Superimposition of over 30000 events.
N 2 used as radiator.
Beam Cherenkov counter used to select pions or electrons.
Small background as expected.
Ring radii in nitrogen
Rings diameters obtained slicing hits distribution on x and y axis, measured in pixels. 
Photoelectron yield in nitrogen
Thanks to small background the photoelectron yield can be estimated from the total number of hits in the HPD.
The distribution is well fitted as a Poisson. 
Still under investigation:
• Detector threshold optimization.
• Timing uncertainties.
• Detector efficiency.
• Quartz window transmission.
Very Preliminary!
Cherenkov rings in C 4 F 10
To Do list
The system test has shown that time synchronization between photo-detectors is critical and requires careful study.
Study front-end electronics sensitivity to temperature changes.
Cooling system has not yet been tested. 
Conclusions
A prototype of the LHCb RICH-2 detector has been built and tested in a test beam run. In the prototype the (almost) final versions of the following have been used:
• HPD
• Readout electronics
• Power distribution
All the final version of the front-end read-out electronics components, pixel chip, L0, LV and HV boards have operated together for the first time.
A close packed sample of 6 HPD at 20 kV has been used.
The data of 6 HPD has been read at 40 MHz, and it has been transmitted to the offdetector electronics at 1.6 Gbit s -1 . Strong correlation between track momentum and polar angle.
Physics requires identification of both low and high momentum hadrons.
• Upper limit: π in B → ππ decay • Lower limit from tagging kaons. 
